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SPECIFICATION NO. 876,035 
5 ■ " " 

Page 2, line 115, /or. "catalvtlcally" read "catalytlcally" 

Page 3, line 7, for "slllc" read "silica" 

10 -page 4, Table l, 1st CoHmm, 6tti Entry* /or. «l-p en tanes" read "l-pentenes" 

Page 8, line 10, after "pressure* insert "colon" 

Page 8, delete li-nes 23 to 30 inclusive and substitute 



15 



20 



'^bulfc volume or catalyst 800 cin3 

temperature 500 C. 

air rate 5 litres (S,T.P.)/h 

steam rate 0. 1 kg/h " 





Page 


12. 


line 


49, 


/or. 


"factor" read " 


factors'* 




Page 


13, 


line 


17, 


for 


"temperatures" 


read •temperature'* 


25 


Page 


13, 


line 


48, 


for. 


"redlly" read " 


readily" 




Page 


13, 


line 


68, 


for 


"rectlon" read 


"reaction" 




Page 


14 P 


line 


49. 


for. 


"oleflno'* read 


"oleflnlc" 


3C 


Page 


14, 


line 


68, 


after, "any" insert 


"one" 




Page 


15, 


line 


46, 


for. 


"crlbied" read 


"crlbed" 



and/or arsenides of the metals of the left- 
hand column of Group VI fchromium, molyb- 
denum, tuncstcn) and/or one or more sul- 
phides, selcnidcs, icUuridcs, antimonidcs and/ 
iPrice 3s. 6d.] 



formed besides the hydrocarbons that have the 85 
same number of carbon atoms per molecule. 
For example propcne may be converted into 
higher-boiling branched olefins and/or para- 
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COMPLETE SPECIFICATION 

Improvements in or relating to the Catalytic Isomerization 
of Olefluic Hydrocarbons 




We Shell Intebnationale Research 
Maatschappij N.V a 5?^?^^^ ^^S^,^ 
under the laws of The Netherlands, of 30 
Card van Bylaadtlaan The Hague, The 
Netherlands, do hereby declare the invention, 
for which we pray that a patent niay be 
granted to us, and the method by which it 
1^ be performed, to be particularly described 
in and by the foUowing statement: — 

The invention relates to a process for the 
catalytic hydro-isomerizatlon of hydrocarbons 
STS^pardcular to a process for the cata^^ac 
inversion of unbrandied or sparsely bached 
hydrocarbons into hydrocarbons having a 
bS^ed or n^ore highly branched carbon 

^!?rSf -known that lo.M^r 
weight straighi-chain hydrocarbons haying 
roufor more carbon atoms may be isornerizcd 
to branched-chain hydrocarbons having the 
same number of carbon atoms, or vice versa 
by passing the hydrocarbons over morgam^ 
Ssorbents'or over sulphidic or ^^}^^^ ^yl^_ 
genation or dehydrogenation ^^3^^^^ 
ricular the sulphides of the heavy n^™s of 
G^^s VI, Vll and Vm of the ^en^J^ 
Table, at elevated temperatures and at high 
™ pressures; the hydrogen V^^i^^Vr^^ 
should however, be very low, viz. 5% ^ the 
30 S'^pre^surco;evenkss.Sd^^^^^ 

arc alumina, silica gel, zmc oxide, active 
cS.on and sUicates, and -^bf -P°-^ 
also serve as carriers or as binders f^^/be saia 
hvdrogenation or dehydrogenanon catdys^. 

'It has now been found tbat when isomeriz- 
ing unbranched or sparsely branchoi olefins 
n the presence of hydrogen or a bydrogen- 
containbg gas and by means of ^ ^obd aa^^^ 
isomerization catalyst containmg one or more 
sulphides, selenidcs, teUurides, ^timontd^ 
and/or arsenides of the metals of the left- 
hand column of Crroup VI (chromium, molyb- 
denum, tungsten) and/or one or more sul- 
phides, selenidcs, teUurides, antimonides and/ 
[Price Js, 6d.] 
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or arsenides of the metals of Group VIII (iron, 
cobalt, nickel and the noble metals) of the 
Periodic Table, very high yields of branched 
or more highly branched hydrocarbons respec- 
tively may be obtained. 

Thus the present invention relates to a pro- 
cess for the catalytic conversion of unbranched 
or sparsely brandied hydrocarbons into hydro- 
carbons having a branched or more highly 
branched carbon chain respectively, which 
comprises contacting an oiefinic starting 
material at elevated temperature and pressure 
and in the presence of hydrogen or a hydrogen- 
containing gas with a solid acidic isomerization 
catalyst on which are supported one or raorc 
sulphides, selenides, teUurides, antimonides 
and/or arsenides of the metals of the left-hand 
column of Group VI and/or one or more 
sulphides, selenides, teUurides, antimonides 
and/or arsenides of the metals of Group VIII 
of the Periodic Table. 

The term oiefinic starting material as used 
in the present specification designates a starting 
material that consists of one or more un- 
branched or sparsely branched olefins or of a 
mixture of one or more of such olefins with 
one or more other substances, such as non- 
olefinic hvdrocarbons. The olefins may or may 
not .contain cyclic_5ubstitia^ts. 

The olefins which occur in the starting 
material used in the process of the invention 
arc mainly converted into branched or more 
highly branched olefins and/or paraffins. 
GeneraUy the olefins are to a large extent 
convened into hydrocarbons with the same 
number of carbon atoms per molecule. How- 
ever, depending on the reaction conditions, the 
catalvst and the feed stock, smaUer or larger 
amounts of hydrocarbons with a different 
number of carbon atoms per molecule may be 
formed besides the hydrocarbons that have the 
same number of carbon atoms per molecule. 
For example propene may be converted into 
higher-boiling branched olefins and/or para- 
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ffms, branched hydrocarbons having 4, 5 and 6 
carbon atoms per molecule being predomin- 
antly formed. 

The degree of saturation of the final product 

5 is dependent on the composition of the catalyst 
and the reaction conditions, in particular the 
space velocity. Further, the catalyst is capable 
of converting into samrated hydrocarbons both 
the olefins present in the starting material and 

10 the (mainly branched) olefins formed during 
the reaction. A lower space velocity results in 
a more drastic hydrogenation of the un- 
branched olefins present in the feed or formed 
during the process. The liquid hourly space 

15 velocity of the fresh starting material to be 
convened generally varies from 0.5 litre to 20 
litres of liquid hydrocarbons per hour per litre 
of catalyst (1/h.l), although lower or higher 
velocities may also be used. 

20 If the reaction conditions are such that there 
is no complete hydrogenation of the reaction 
product, the product may, if desired, be sub- 
sequently catalytically hydrogenated in a 
manner known per for instance by means 

25 of a catalyst containing nickel, platinum, 
cobalt sulphide-molybdenum sulphide or cobalt 
oxide-molybdena. This hydrogenation wiU 
generally not be carried out when the reaction 
product is to be used as motor gasoline or as a 

30 motor gasoline component, but it is sometimes 
advantageous when the reaction mixture is to 
be extracted for recovering aromaucs present 
therein. 

The process according to the invennon may 

35 be used vnxh particular advantage when ole- 
finic starting materials also containmg diole- 
fins and/or alkynes are employed. The active 
life of conventional solid acidic isomerization 
catalysts hitherto used has been found to be 

40 very short, particularly in the isomerization of 
such feedstocks containing diolcfins and/or 
alkynes, presumably due to the formation of 
diene polymers and the like, which deposit on 
the catalyst and rapidly reduce its activity. In 

45 the process according to the invention, how- 
ever, any dienes and alkynes present are 
selectively hydrogenated to mono-olefins, 
which may then partidpate in the isomeriza- 
tion reaction (and any subsequent hydrogena- 

30 tion reaction). This not only extends the life 
of the catalyst but also leads to a higher yield 
of branched hydrocarbons. Similarly, when 
olefinic starting materials are employed not 
containing diolefins and alkynes, the life of the 

55 present catalysts is more favourable than the 
life of the catalysts hitherto used. . 

The process according to the invention is 
particularly suitable for the isomerization of 
olefins having from 3 to 8 carbon atoms per 

60 molecule, preferably from 4 to 8 carbon 
atoms per molecule. Thus, preferred starting 
materials consist of or contain one or more 
olefins having from 3 to 8, particularly from 
4 to 8 carbon atoms per molecule. Propene is 

^ a very suitable starting material. Those 



products of the present process that boil sub- 
stantially within the gasoline boiling range are 
particularly suitable as premium motor fuels 
or components for premium motor fuels. 

Particularly suitable starting materials are 70 
the gasolines and gasoline fractions that are 
obtained by catalytic cracking of petroleimi 
fractions. Such gasolines have a relatively 
high olefin content, as a result of which these 
gasolines, and particularly the lower-boiling 75 
fractions thereof have desirable high F — 1 
octane numbers although on the other hand 
they have the drawback of a very high sensi- 
tivity. 

Ey sensitivity is meant the difference in oaane 80 
number determined by the Research Method 
(F — 1) and the octane number determined 
according to the Motor Method (F — 2). The 
sensitivity is important because components 
of premium motor gasolines nowadays prefer- ^5 
ably should have minimum sensitivity as well 
as a high F — 1 octane number. 

By a conventional hydrogenation of such 
gasolines or gasoline fractions, in which the 
olefines are converted into the corresponding ^ 
saturated compoimds, the sensitivity is substan- 
tially improved but on the other hand there is 
the drawback of a marked lowering of the F 
— 1 octane number. 

However, by using the specific catalysts ^ 
according to the present invention for the treat- 
ment of such gasolines, products are obtained 
which have a high F — 1 octane number which 
is only slightly reduced from that of the un- 
treated gasolines and show a greatiy improved 100 
sensitivity. Such products are, therefore, very 
valuable premium motor fuels or premium 
motor fuel components. For this reason gaso- 
lines obtained by catalytic cracking (and in 
particular the lighter fractions thereof, having 105 
an upper cutting point between 80° C. and 
130° C.) arc preferred starting materials for 
the process according to the present invention. 

Thus a light catalytically cracked gasoline, 
after treatment according to the present inven- HO 
tion, may be mixed with one or more other 
gasoline components e.g. a higher-boiling 
fraction of a gasoline obtained by catalytic re- 
forming and/or with the desulphurized and 
catalvtically reformed intermediate fraction of 115 
a gasoline obtained by catalj^c cracking. Such 
mixtures have very Mgh F — 1 octane nimibers 
and very low sensitivity. 

The presence of so-called acidic isomeriza- 
tion catalysts in the composite catalysts of the 120 
present invention ensures the selective iso- 
merization of the olefins in the feed. By these 
catalysts are meant those which, with butter 
yellow indicator (dimethyl ycUow, i.e. QH^ — 
N = N— C,H,— N— (CH,).) and other stiU 125 
weaker basic indicators, show a colour change 
indicative of an acid medium. 

Suitable acidic isomerization catalysts on 
which the metal sulphide, selenide, telluride, 
antimonide and/or arsenide components are 130 
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supponed are, for instance, mixtures of siUca 
and alumina, such as silica-alumuia cracking 
catalysts, mixtures of silica and zirconium 
dioxide, mixtures of boron moxide and 
5 alumina, miscures of boron trioxidc and siUca, 
and mixtures of alumina and halogen, such as 
alumina and fluoiine. The silic-alumma cata- 
lysts in particular those having a silica content 
of at least 60% by weight, are preferred, 
10 Among the sulphides, selemdes, teUurides an- 
timonidcs and arsenides of the metals of the 
left-hand column of the Group VI and/or of 
the metals of Group VIII of the Periodic 
Table the sulphides and m parucular mckei 
15 sulphide and/or cobalt sulphide are preferred. 
The quantities of metal sulphides, selemdes, 
tellurides, antimonides and/or arsemdes 
appUed to the acidic isomerization catalyst 
may vary within wide limits and are generaUy 
20 in the range of from 0.5 to 15% by weight, 
based on the total catalyst. Thus for example, 
a catalyst containing siUca and alunima and 
having a silica content of at least 60 % by 
weieht (based on the total catalyst) and on 
25 which is supported I to 10% by weight of 
nickel sulphide (based on the total catalyst) is 
excellently suitable for use in the process of 
the invention. The metal sulphide, selemde, 
teUuride, antimonide and/or arsemde com- 
30 ponent may be incorporated with the aadic 
isomerization catalyst by any known method, 
for example, a metal sulphide may be apphed 
by impregnatmg the acidic catalyst (which may 
or may not have been treated with a steam-air 
55 mixture at fairly high temperatures) with a 
solution of a salt of the corresponding metal, 
for instance, niclcel nitrate, followed by drying, 
caldnmg and finaUy sulphiding with e g. hy- 
drogen sulphide or a gas contammg hydrogen 
40 sulphide , - , 

The catalysts used m the process of the 
invention are found to have an exceUent activ- 
ity, even at the preferred relatively low operat- 
ing temperatures. ^ ^ * 
45 The olefinic starting matenal is contacted 
with the catalyst at elevated temperature. The 
temperature at the inlet of the first reaaor 
(which ma^ be the only one) is generally m the 
range of from 100° C. to 500° C, prefe^bly 
50 from 200° C to 500° C. and in particular from 



200° C. to 400° C. or— for catalytically 
cracked gasolines or fractions thereof — from 
250° C. to 450° C 

The conversion is carried out in the presence 
of hydrogen and/or a hydrogen containing gas 55 
and at elevated pressure, preferably at a total 
pressure in the range of from 10 to 100 atm., 
panictilarly m the range of from 20 to 60 aim. 
Total pressures exceeding 100 atm. are pre- 
ferably not used since the higher the pressure 60 
the lower is the yield of branched compounds. 
The hydrogen partial pressure may vary within 
wide hmits. However, it should be at least 
5% and preferably at least 50% of the total 
pressure. Pure hydrogen may be used, but 65 
hydrogen-containing gases with a hydrogen 
partial pressure between 50 and 95% of the 
total pressure, such as the hydrogen-rich gases 
formed in reforming hydrocarbon oils, are also 
quite suitable. 

It is preferred that the reaction mixture is 
completely or substantially completely in the 
vapour phase during the conversion reaction. 

The process according to the present inven- 
tion will now be illustrated by a number of 75 
Examples (Examples I— V) and compared 
with other processes (comparative Examples 

A E). All these experiments were carried out 

in laboratory equipment, using abom: 100 cm' 
catalyst in each experiment, the catalyst being RO 
arranged in the form of a single fixed bed. All 
reactions were carried out in the vapour phase. 

Example I 
A mixture of hexene-1 and hydrogen (molar 
ratio hydrogen/hydrocarbon = 4:1) was passed 85 
over an acidic isomerization catalyst consisting 
of 83.8% by weight of silica, 11.4% by weight 
of alunnna and 4.8% by weight of nickel 
sulphide at a pressure of 20 kg/sq. cm.;, at an 
inlet temperature of 320° C. and a liquid 90 
hourlv space velocity of 2 1/h.l. 

The results obtamed after the test periods 
indicated had lapsed, arc summarized in Table 
I. The reaction product was nearly completely 
saturated. , , * j 

The C.,+ fractions were completely hydro- 
fi;enated and the F — 1 — 0 octane numbers of 
the resultant products were determined. These 
oaane numbers are also given in Table I. 
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Table I 



Feed 


hcxenc-1 


Catalyst 


silica-alumina-nickcl sulphide 


test period in hours 


1.6 


2.7 


4.1 


6.3 


Composition of final product, 
% by weight 










methane 


0.2 


0.3 


0.2 


0.2 


ethene and ethane 


0.3 


0.4 


0.2 


0.2 


propene and propane 


2.3 


2.5 


2.0 


1.8 


i-butenes and i-butane 


13.3 


13.4 


12.0 


10.9 


n-butenes and n-butane 


2.0 


2.0 


1.6 


1.6 


i-pentanes and i-pentane 


12.8.^ 


13.0 


12.0 


11.5 


n-pentene and n-pentane 


0.3 


0.4 


0.3 


0.2 


2;2-dimethyIbutene and 
2;2-dimethylbutane 


0.1_ 


0.2 






2,3-dimcthylbutcnes and 
2^dimethylbutane 


9.1 ^ 


9.4 


9.9 


10.3 


2-methylpentenes and 
2-methylpcntane 


32.0 _ 


32.2 


33.4 


34.8 


3-methylpentenes and 
3-mediylpentane 


19.7^ 


19.6 


21.0 


21.4 


n-hexenes and n-hexane 


2.5 . 


2.3 


3.1 


2.9 


higher hydrocarbons 


"5.4 


4.3 


4.3 


4.2 


yield C5 + fraction, 
% by weight 


82 


81 


84 


85 


F — 1 — 0 octane number of 
the saturated C5 + fraction 


79 


79 


78 


79 



10 



COMPARATTVE EXAMPLE A 

A mixture of hexene-1 and hjrdrogen (molar 
hydrogen/hydrocarbon ratio = 4: 1) was passed 
over an acidic isoraerization catalyst consisting 
of 88% by weight of silica and 12% by weight 
of alumina at a total pressure of 20 kg/sq. cm., 
an inlet temperature of 320° C and a liquid 
hourly space velocity of 2 l.h/1. 

The results obtained after the test periods 



Indicated had lapsed are sunrniarized in Table 
II. The reaction product was nearly completely 
saturated. 

The Cj"*" fractions were again completely 
hydrogenated and the F — 1 — 0 octane 
numbers of the resultant products were deter- 
mined. These octane numbers are also given 
in Table H. 
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Table II 





■ ' — 1 

Hcxcne-1 


Catalyst 


silica-alumina 




test period in hours 


1.5 


3.7 




composition or iinal 
product, % by weight 








methane 


0.2 


0.3 


V.J, 


ethene and ethane 


0.1 


0.2 


0.2 


propene and propane 


0.8 


0.8 


0.6 


i-butenes and i-burane 


1,3 


0.8 


0.6 


n-butenes and n-butane 


0.7 


0.6 


0.6 


i-pentenes and i-pentane 


1.5 


0.8 


0.8 


n-pentenes and n-pentanc 


0.4 


0.4 


0.6 


2,2-dimethylbuienes and 
2,2-dimcthylbutane 


0.2 


0.2 


0.2 


2,3-dimethylbatenes and 
Z,3-dimethylbutane 


3.9 


1.9 


1.6 


O rv^At-Vtirlrt^Tit'f^'nPC And 

2-mcchylpentane 


23.2 


17.9 


14.0 


3-nicthylpentenes and 
3-methylpentane 


15.5 


11.3 


9.3 


il-hexenes and n-heranc 


49.4 


63.3 


70.1 


higher hydrocarbons 
yidd Cj fraction, 
% by weight 


2.8 
97 


1.5 
97 


1.2 
98 


p 1 — 0 octane number of 

the saturated C5 fraction 


50 


42 


39 



Comparison of Tables I and U shews that nickel sulphide used in coinparaave Expen- 

in iT^nv^ion of hexene-1 by means of a mcnt A. i.c the catalyst bfe of the former 

silica-alumina-nickel sulphide catalyst a sub- catalyst was better. 

5 staniially higher yield of branched hydro- comparative Example B 15 

Z'''Z:iST n^iTs ^f r SXrl ExperiSri^^ «pSw^^^^ n-hexa„e as 

1 ? „l,^;ninl nn nickel sulDhide. tlic staning material mstcad of hexene-1. The 

""^hTaSy Xc StiSsS in Experi- same conditions and the same catalyst were 

^rc;iLfr~nH^^ "'^ablemsho^s the r^Us obtained. 
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Table III 



Feed 



Catalyst 



test period, faoiirs 



composition of final 
product in % by weight 

methyl pentanes 

n-hexane 



This Table shows that with n-hexanc only a 
very slight conversion into branched hydro- 
carbons was obtained. 

COMPAEATTVB EXAMPLE C 

Two further tests were carried out, use being 
made in both cases of a siHca-alurnina cracking 
catalyst as the acidic isomerization catalyst. In 
the first of these two experiments nickel oxide, 
and in the second, platinum, was incorporated 
on this carrier, instead of the metal compounds 
used according to the process of the invention. 

A mixture of h.exene-1 and hydrogen (molar 
hydrogen/hydrocarbon ratio = 4: 1) was passed 



n-hexane 



sHica-alumina- 
nickel sulphide 



6 



0.1 
99.9 



over each of these catalysts at an inlet tempera- 15 
ture of 320° C, a pressure of 20 atm. and a 
liquid hourly space velocity of 2 1/h.l. 

The results of these tests are summarized in 
the following Table IV, The duration of the 
test was one hour in all cases. All the resulting 20 
final products were found to be completely 
saturated. 

The F — 1 — 0 octane number of the 
fraction obtained in the first test (with cracking 
catalyst + nickel oxide) was also determined 25 
and is given in the Table. 



878,035 
Table IV 



Feed 


Hexene-1 


Hexene-1 


Catalyst 


silica— 82.7 
alumina — 1 1 . 9 
nickel oxide — 6 .0 


silica— 87.1 
alumina — 1 1.9 
platinum — 1 .0 


Composition of the final 
product in % by weight 






methane 


0.7 




ethane 


0.7 




propane 


4.3 




i-butane 


11.1 




n-butane 


4.1 




' 1-mcthyl butane 


8.8 




n-pcntane 


2.6 


— 


2;2-dimethyl butane 


1.2 




2,3-dimethyl butane 


3.9 


— 


2-methyl pentane 


21.0 


}»•' 


3-methyl pentane 


12.2 




n-hexane 


25.2 


99.5 


higher hydrocarbons 
yield of C5 + fraction 
m % by weight 


4.2 
79 




p — I — 0 octane number of 
the C5 + fraction 


61 





10 



The Table shows that branched hydro- 
carbons were admittedly formed when the 
silica-alumina-nickel oxide catalyst was used, 
but to a substantially lesser extent than when 
using the catalysts according to the process of 
the invention (Example I, Table I). 

In the second test only small quantities of 
branched hydrocarbons were obtained, which 
demonstrates the unsuitability of the platinuni 
containing catalyst for the isomerizarion of 
hexene-1. 



COMPAHAUVE Example D 
Another test was carried out, in which a 
mixture of hexene-1 and hydrogen was passed 
over a catalyst consisting of a non-add carrier, 
viz. alumina on which cobalt sulphide-molyb- 
denum sulyphide was incorporated. The re- 
action conditions used in the latter case were: 
inlet tcmncraturc: 380° C, oressure: 36 atm., 
liquid hourly space velocity: 2 1/h.l, hydro- 
gen/hydrocarbon molar ratio = 8:l. 
The results are given in Table V. 



15 
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Table V 



Feed 


hcxene-l 


Catalyst 


alumina : 


84 


cobalt 






sulphide : 


5 




molybdenum 






sulphide : 


11 


Composition of final 
product, % by weight 

2- inethyl pentane 

3- inethyl pentane 
n-hexane 


5.1 
4.3 
90.6 



Table V shows that the non-addic catalyst is unsuitable for 
the isonijerization of hexene-l. 



Example n 
In a further example of the process of the 
present invention^ n-butene was used as the 
5 starting matcriaL This material was passed 
over a nickel sulphide containing acidic iso- 
merization catalyst, having the following com- 
posidon: 823% by weight alumina, 11.2% by 
weight silica, 6.5% by weight nickel sulphide. 
10 The reaction conditions were: pressure 20 
kg/cm*, inlet temperature: 320° C, liquid 
hourly space velocity: 2.0 l/h.l., molar ratio 
Ha/hydrocarbon: 4:1. 

The catalyst had been obtained in the 
15 following way: 

A powdery silica-alumina cracking catalyst 
was mixed with 2% by weight of stearic acid 
and formed into 3x3 mm pellets. The stearic 
add was burned away by calcining in air at 
20 500° C. Subsequcndy a steam-air mixture was 
' passed over the catalyst for four hours tmder 

Tabue VI 



the following conditions: 
bulk volume of catalyst 
temperature 
air rate 
steam rate 
800 cm^ 
500° C. 

5 Htres (S.T.P.)A 
0.1 kg/h 

After this treatment the catalyst was im- 
pregnated with a nicicel nitrate solution in 
order to incorporate 5% by weight of nickel 
therein. The impregnated catalyst was dried 
at 120° C. and calcined in air at 500° C The 
resulting nickel oxide was converted to nickel 
sulphide by a treatment with a Ha— HzS 
mixture. 

Table VI shows the composition of the 
resulting reaction product, which was found to 
be substantially completely saturated. 



25 



30 



35 



40 



Feed 


butcnc-1 


Product composition 

(% by weight) 

Ci — C3 hydrocarbons 


5.0 


branched C^-hydrocarboiis 


41.3 


\mbranched C^-hydrocarbons 


17.4 


branched Ca-hydrocarbons 


22.3 


unbranched Cs-hydrocarbon*; 


0.5 


branched Cg-hydrocarbons 


8.3 ^ 


unbranchcd Co-hydrocarbons 




higher hydrocarbons 


5.2 



The high yields of branched C, and C,; hydrocarbons are 
particularly advantageous. 
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Example III 
Three further experiments were carried out, 
all with pcmene-1 as the starting materiaL In 
the first and second experiment the sarne 
catalyst as used in Example II was employed, 
whert^as in the third experiment a catalyst was 
used whose manufacture differed from that ot 
the catalyst employed in Example II only m 
that the steam-air mixture was passed over the 

Table 



pelleted carrier at 6CX)° C. rather than at 500° 
C. 

The reaction conditions were: pressure: 
20 kg/era^. Liquid hourly space velocity: 2.0 
1/h.l, molar ratio of H^/pentene-l : 4 : 1. The 
reactor inlet temperature in the first expen- 
ment was 320° in the two other experi- 
ments 300° C 

The results are given in Table VTI. 

vn 



10 



15 



20 



Feed 


Pentene-1 




Reaaor inlet temperature 


320*^ C. 


300' C. 


300° C 


temperature during stcani/air 
treatment of catalyst carrier 


500^ C. 


500° (1 


600° C 


Product composition (% by weight) 








Ci-Ca-hydrocarbons 


2.1 








branched Ci-hydrocarbons 


12.1 


1^ 17.0 




^ 15.6 


unbrandied C4-hydrocarbons 


1.6 








branched Cs-hydrocarbons 


49.3 


61.5 


47.6 


unbraadied Cs-hydrocarbons 


3.2 


5.9 


4.2 


branched Cc-hydrocarbons 


22.4 


6.0 


17.5 


unbranched Ce-hydrocarbons 


1.5 






higher hydrocarbons 


7.7 


not measured 


15.2 



Example IV alumina and 4.8% by weight of nickel sul- 

A ^T^Mrt* nf nrooene-l and hydrogen phide) at a total pressure of 20 kg/sq.cm.^ an 

rmolarTSen%y§S"irado = 4^1)Ls Llet/temperamre .of 3<K)o C and a Uquid 

Mssed ova- an addic isomerizarion cataly« hourly space velocity of 2 1/h.l. . 
crt2un"^<*el sSpUde (composi^ Table VIII shows the compoanon of ^e 30 

25 by^St^ sS 11.4% by weight of reaction product after a test penod of 5 hours. 
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Table VXII 



Composition of final product, 
% by weight (based on the feed) 



Methane 


0.1 


ethene and ethane 


0.1 


propene and propane 


30.2 


i-butenes and i-butane 


41.9 


n-butenes and n-butane 


0.5 


i-pentenes and i-pentane 


10.3 


n-pentenes and n-pentane 


0.2 


i-hexenes and i-hexane 


13.6 


n-hexenes and n-hexane 


0.0 


higher boiling hydrocarbons 


3.0 



10 



The Table shows that ooly very slight 
quantities of methane and Q — hydrocarbons 
are formedj whereas high yields of branched 

— , Cs — and — ^hydrocarbons are 
obtained. It is noticeable that straight-chain 
hydrocarbons having a higher boiling point 
than propane and propene are almost entirely 
absent. 

Example V 
The starting material was a fraction boiling 

Table 



between 35*^ C. and 100° C. of a gasoline 
obtained by catalytic cracking. This gasoline 
was passed over a catalyst containing 83.8% 
by weight of silica, 11-4% by weight of 15 
alumma and 4.8% by weight of nickel 
sulphide. 

Table IX shows the properties of the start- 
ing material, the reaction conditions and the 
properties of the product obtained in the 20 
present experiment. 

IX 



Reaction conditions 






Inlet temperature, ^C. 




300 


pressure, kg/sq, cm. 




20 


liquid hoturly space 
velocity, 1/h. 1 




1.0 


hydrogen/hydrocarbon 
molar ratio 




4 


Properties of feed and 
reaction product 


Feed 


Product 






Yield Cs + % by weight, 
based on feed 




90 


octane nimiber F — 1 — 1^ 


98.0 


91.5 


octane number F — 2 — li 


84.9 


- 90.7 


sensitivity (F — 1 — li) — 
(F— 2-li) 


13,1 


0.8 
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As Table IX shows, in the process according 
to the invention a final product is obtained 
having a high octane number (F — 1 — 1^ = 
91.5) and an excellent sensitivity (0.8). 

Table X 



The yield and octane number were deter- 
mined of some fractions obtained by distill- 
ation of the reaction product obtained. The 
results are shown in Table X. 



Fraction 


% by weight 
of feed 


F— 1— H 


F— 2— U 


Sensitivity 


entire product 


90 


91.5 


90.7 


0.8 


Cs — 100** C. 


80 


93.7 


92.9 


0.8 


Cs — 85** C 


70 


96.3 


95.8 


0.5 



10 Table X shows that fractions having a high 
(93.7) or very high (96.3) F— 1— li octane 
number may be obtained by removing the 
highest boiling portion from the reaction pro- 
dua. 

15 Comparative Example E 

Experiment 5 was repeated vs^ith a different 
catalyst, viz. a conventional non-acidic sul- 
phided cobalt oxide - molybdenum oxide - 
alumina catalyst (5% by weight CoS 11% 

20 by weight MOS„ 84% by weight AI2O3). The 
reaction conditions were the same. The yield 
by weight, based on feed) amounted to 
about 100%, the F— 1— li octane number to 
88.2 and the F — 2 — IJ- octane number to 87.3. 

25 The sensitivity equalled 0.9. Comparison of 
these octane numbers with those listed in 
Table IX reveals the superiority of the process 
according to the present invention. 
In the catalytically hydrogcnarivc conversion 

30 of mibranched or sparsely branched olefins into 
hydrocarbons having branched or more highly 
branched hydrocarbon chains respectively, 
according to the present invention, very high 
heat effects arc found to occur as a result of 

35 the exothermic nature of the hydrogenation 
reactions. The resultant increase in the temper- 
ature promotes hydrogenative cracking which 
is likewise an exothermic reaction. Hence it is 
difficult to carry out the process on a com- 

40 merdal iale in a reactor with a fixed catalyst 
when operating on feedstocks that have a high 
or fairly high olefin content. The conventional 
method of preventing excessive temperature in- 
creases, viz. the subdivision of the catalyst 

45 into a number of separate beds connected in 
series and cooling the reaction mixture be- 
tween tiie beds (tiiis is frequently carried out 
by injeaing liquid reaction products or liquid 
fresh feed) is unattractive in the present case 

50 since the heat effects are so high that excessive 
temperature increases through the separate 
beds can only be prevented by using beds 
having very littie depth and this is hardly, if 
at all feasible from a technical point of view, 

55 particularly when the feed material is highly 
unsaturated. 

It has been found, however, that the above- 



mentioned drawbacks can be obviated in a 
simple manner by mixing the fresh feed before 
it is contacted with the catalyst with a certain 
portion of the product obtained in the conver- 
sion. In particular the hydrocarbon mixture 
obtained in the conversion is recycled in such 
a quantity that the weight ratio of the recycled 
hydrocarbon mixture to the fresh starting 
material is equal to between 0.005 and 0.1 and 
preferably between 0.015 and 0,05 times the 
difference between the bromine nmnber of the 
fresh starting material and the bromine number 
of the final product. 

By "bromine number" in the present speci- 
fication and claims is meant the Mcllhiney 
bromine number. The determination of the 
bromine number has been described; inter alia, 
by C. Zerbe, "Mineralole und verwandtc Pro- 
dukte", 1952, pp. 201—203. 

The fresh feed, the hydrocarbon to be re- 
cycled, and the hydrogen-containing gas inay, 
for example, be mixed with each other in a 
lelarively cold state and then (after being 
passed if desired, through one or more heat 
exchangers) raised to the desired reaction tem- 
perature in a pipe still. This maimer of heating 
may sometimes lead to a relatively rapid 
fouling of the pipe stills, and this is pre- 
sumably due to the relatively high content of 
the olefinic components of the feed. However, 
this drawback may be obviated by beating 
the hydrocarbon mixture to be recycled, 
whether or not mixed with hydrogen-contain- 
ing gas, to a temperature higher than the 
temperature at the beginning of the reaction 
2one and by then mixing the said mixture with 
the fresh feed and with hydrogen-containing 
gas (in so far as the latter has not already been 
added to the hydrocarbons for recycling before 
the latter were heated), after which the resul- 
tant mixture is introduced into the reaction 
zone without deliberate further heating or 
cooling. The hydrocarbon stream which is to 
be recycled is preferably heated to a tempera- 
ture which is 10° C— 100° C higher than the 
temperature at the beginning of the reaction 
zone The temperatures and the quantities of 
the various streams should, of course, be so 
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80 



85 



90 



95 



100 



105 
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adjusted as to ensure that the final mixture 
has the desired temperature and may be intro- 
duced into the reaction zone widiout deliberate 
further heating or cooling. 

3 This embodiment of the present invention is 
based on the discovery that the hydrocarbon 
mixture obtained by the reaction has a con- 
siderably increased thermal stability owing to 
the faa that the said mixture has a low 

10 content of olefins^ so that it can be readily 
heated to temperatures which are above the 
temperature at the beginning of the reaction 
zone, and that in the present mixing the 
temperature of the fresh hydrocarbon or hy- 

15 drocarbons to be treated cannot susbtantially 
exceed the temperature of the recycled heated 
hydrocarbons, while when the said fresh hydro- 
carbon or hydrocarbons are heated in a pipe 
still there may be considerably higher local 

20 temperatures. 

In this embodiment the cold or idatively 
cold starting material is preferably mixed in a 
tube, and at a short distance from the reaction 
zone with the heated hydrocarbons which are 

25 to be recycled. This minimizes the drawbacks 
of any slight fouling since it is obviously much 
easier to clean such a rube than the complicated 
systems of narrow pipes, such as are used in 
pipe stills, etc With the use of such an 

30 arrangement there is iitde fouling owing to the 
short distance between the mixing point(s) and 
catalyst because the mixture is only for a short 
period subject to conditions which usually 
promote xmdesirablc reactions. The flow in 

35 such a tube may be either of the laminar type 
or of the turbulent type. Turbulent flow is 
preferred. 

The use of the recycle technique in con- 
juincdon with the process according to the 

40 present invention, enables the use of one single 
catalyst bed in tte reaction zone, if desired. 

It should be noted that when the recycle 
ratio is increased^ the temperature to which 
the stream to be recycled should be heated 

45 decreases, as a result of which the maximum 
possible temperamre occurring during mixing 
is lower, and in addition the temperature in- 
crease during the reaction is less pronounced. 
But economic faaor limit the increase of this 

50 ratio. It is immaterial in which order the hy- 
drocarbon oils, the hydrogen-containing recycle 
gas and the gas-containing fresh hydrogen are 
mixed. 

The recycle technique will now be elucidated 
53 with reference to the accompanying drawing in 
which figure I, schematically shows a preferred 
embodunent. 

Referring to figure 1, 1 designates the line 
through which the fresh feed is supplied. After 
60 being mixed with the hydrogen-containing gas 
supplied through line 2 and with the heated 
reaction product in the vapour phase which is 
supplied through line 3, the reaction mixture 
flows through the line 4 to the reactor. The 
65 catal>'tic conversion takes place in the reactor 



5 containing the catals^st bed 6 and is attended 
by a slight temperature increase. The reactor 
effluent flows from the cooler 7 to the gas/ 
liquid separator 8. The liquid separating is 
passed off through line 9 and partly recycled 70 
through line 3 (which is provided with a pump 

10 and the still 11) to tiie reactor, the remain- 
ing portion being passed off through line 12. 
The recycled stream is vapourised in the sdU 

11 and heated to a temperature sufficiently 73 
higher than the temperature at the beginning 

of the reaaor to enable the fresh feed to be 
vapourised and raised to the reaction tempera- 
ture. The liquid passed off through line 12 is 
worked up in die conventional manner for the 80 
recovery of the refined oil (for example by 
further expansion in a low-pressure separator 
(not shown), followed by stripping and/or 
distillation). 

Hydrogen-containing gas leaving the separ- 85 
ator 8 is recycled through line 2j compressor 
13 and still 11. Gas-containing fresh hydrogen 
is supplied throu^ line 14. If desired, a bleed 
stream may be withdravm through line 15. 

The following example sets out an embodi- 90 
ment of the present invention employing the 
above recycle technique. 

Example VI 

The starting material was a fraction from a 
gasoline obtained by catalytic cracking, which 95 
fraction had a boiling range between 38° C 
and 91^ C (ASTM) (upper cutting point 
about 100° C). This fresh feed had an F — 1 
— l-^ octane number of 99^ and an F — 2 — 1^ 
. octane number of 85.7 and contained 62% by 100 
weight of olefins, 1% by weight of aromatics 
and 37% by weight of saturated compoimds. 
The bromine number was 110. This material 
was treated in accordance with the present in- 
vention in a unit of the type shown in figure 1. 105 

The catalyst used was nickel sidphide incor- 
porated on a silica-alumina cradang catalyst 
(5 oarts by weight of nickel per 100 parts by 
weight of cracking catalyst which comprised 
13% by weight of AljOa, 87% by weight of 110 
SOi). This catalyst was present in the form of 
a single bed, viz. in a quantity of 250 ml. The 
quantity of fresh feed was 250 ml per hour 
(measured in a liquid state). The pressure at 
the beginning of tie reactor was 60 atm.; ihc 115 
temperature inunediately before the catalyst 
bed 300° C, and inmiediately thereafter 352° 
C The temperature in the separator 8 was 15° 
C. The liquid separating in the separator was 
partly recycled through line 3 in a quantity 120 
of 3.07 parts by weight per part by weight of 
fresh feed. This stream was heated in the still 
11 to 375° C. Sufficient hydrogen-rich gas was 
supplied through line 2 to bring the molar 
ratio of hydrogen to hydrocarbons in the re- 125 
actor feed to 2,5. The temperature of the fresh 
feed supplied through line 1 was 27° C, that 
of the gas supplied through line 2, 375° C. The 
product discharged through line 12 was worked 
up in the conventional manner. The resultant 130 
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gasoline was practicaUy free from olefins 
ODrominc number <1) and had an F— 1— li 
oaane number of 94.2 and an F—2—li 
octane number of 92.5- 
5 The problem of avoiding large temperature 
increases in fixed catalyst beds and touhn^ cf 
hearing equipment may, if desired, be solved 
•m other ways, e.g. by employing a finely 
divided fluidized catalyst rather than a fixed 

using a fluidized catalyst mass the 
te^e'tu": if substantiaUy equal tlm^ughout 
the whole bed, moreover, the olefinic starnng 
material and the hydrogen-containmg gas need 
15 S to be heated to rather low temperatures. 

ffi s, in a particular c^^^^^^^-^^c" Lt 
reactor temperatures of 270 ^-—^ ';'•>" 

°"^^'.JSiS°»&»ck,.tb.. do ... 

ri«- To laree temperature increases but 
25 Tat oT^hroSeTh^d^cause rapid fouling^ 
SnUrional tubular furnaces and stea^ 
hea«Br another technique for 
S feed to reaction temperature may be 

30 ''^'S^echniqued^e reaction .mLcwre^^^ 
leaves a reaction zone, or a poruon of 
S mixture, is Seated "a «mpgt«e 
u'^u^ than the temperature at tne oegmmus 

hS or coolLng into the first reaction 

45 ^°TOs technique is again based on the 2^^^^^ 
vat^^ that the oil akeady treated has obtained 
LT^. high thennal stability that it can be 
Sy hited to temperatures ^^^^^^^^ 
fbove the temperature prevailmg ^th^^^^S^ 

50 nine of the first, which may be tee ^y 

^ reason zone, and in addition, that m^^^^^^ 
exchange according to die invenuon thehydro- 
carbon oil for treatment cannot exceed the 
tSpcrZrc of the heated reaction mixmre 

55 Sa^ when heating takes pUce ^ ? PJP^ 
Lll or steam heater there may be considerably 
higher local surface temp«^iures 

In order to bring the feed of ^^e first re 
aaion 2onc to the icaaion tempera aire this 

60 fe^d I heat-exchanged with the reaction mix- 
t^re or fportion thcreoO leaving one of the 
Son zo^cs. If more than one rc^^^o- ^^^^^^^ 
is used either the mixture If ^^^^^'^^^^^^ 
action zone or the mixture 1"^^^°"!^^^.^^ 

65 other reaaion zones may be used. The reaction 



mixture leavbg the first reaaion zone ,or 
portion thereof) is preferably used for brmgmg 
the fresh feed to the rccrion temperature. 

The reaction mixture or portion thereof used 
for the indirect heat^xchangc with the feed is 
first heated to a temperature which is highCT, 
preferably 10^ C. to 50° C. higher, than the 
temperature at the beginnmg of the first re- 
action zone, after which it is indirrctly heat- 
exchanged with the feed to be treated, and this 75 
may take place for example m one or more 
heat exchangers. If desired, hydrogen-con- 
taining gas may ah-eady have been added to 
diis oU. The fresh hydrocarbon oil or the mix- 
ture thereof with hydrogen^ontaimng gas may 
be sUghdy pre-heatcd if desired, but obviously 
only to a temperature lower than the mlet 
temperature in the first reaction zone. 

The heated oil is then mixed with hydrogen- 
containing gas in so far as the latter has not 85 
already been added before the indirect heat 
exdiange, after which it is introduced without 
deliberate further heating or cooling mto the 
first, which may be the only, reaction zone. 
This hydrogen-containing gas may or may not 90 
have been preheated. The temperatures and the 
quantities of the various streams should, of 
course, be so adjusted as to ensure that the 
final mbcturc has the desired temperature. 

The entire reaction mixture leavmg a certain 95 
reaction zone is preferably used for heating up 
the fresh feed, since in this case the surface 
temperatures in the indirea heat exchange zone 
arc lowest. It is, however, also possible to 
employ a portion of such a mixture for *e 100 
heating up, for example, only the refined oil 
separated from such a mixture. The heatmg 
operation of the stream to be used for the heat 
exchange to a temperature higher than the 
temperature at the beginning of the first re- 105 
action zone may be carried out in a conven- 
tional manner, for example in one or more 
heat exchangers, steam heaters and/or pipe 
stills; in this case the risk of foulmg is very 
slight since the product heated is already HO 
stabilised. , j -n 

The heating techmque just discussed vnu 
now be iUustrated with reference to figure 2 of 
the accompanying drawing. . 

Referring to figure 2, 1 designates the line 115 
through which the oil to be treated is supplied. 
This oil after being mixed with hydrogen-con- 
taining gas supplied through line 2, flows 
through the line 3 and the heat exchanger 4 
to the reactor 5. The mixture is brought to the 120 
desired reactor inlet temperature in the heat 
exchanger by indirea heat exchange with the 
reaction produa of which the temperature has 
been increased. The hydrogcnative trcamient 
of the oil takes place in the reactor in which 125 
the catalyst beds 6, 6K 6'*, 6"* are provided, 
and will be attended bv a certain rise in tcm- 
pcraliirc. The rcaaor cfnuent Hows through 
line 7 which is provided with the steam heater 
S, the heat exchanger 4 and the cooler 9, to 130 
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the gas/iiquid separator 10. This steam 
heated in the steam heater 8 to a temperature 
higher than the temperature at the begimiiiig 
of the reaaor, and the stream thus heated is 

5 used in heat exchanger 4 to bring the fresh feed 
to the reaction temperature. The hydrogen- 
containing gas leaving the separator 10 passes 
through line 11 and compressor 12 to line 2 
and is there mixed with fresh hydrogen-con- 

10 taining gas supplied through line 13. The 
liquid separating is passed off through line 14 
and worked up in the conventional manner for 
recovering the treated oil (for example by 
further expansion in a low pressure separator 

15 (not shown) followed by stripping or distilla- 
tion). A portion of the oil passed off through 
line 14 may be recycled to the reactor as 
coolinc ofl, viz. through line 16 and pump 17. 
In this case it is injected between the beds 
20 and prevents an excessive rise in temperature 
in the reactor. 

WHAT WE CLAIM IS: — 

1. A process for the catalytic conversion of 
unbranched or sparsely branched hydrocarbons 

25 into hydrocarbons having a branched or more 
highly branched carbon chain respectively, 
which comprises contacting an olefinic starting 
material at elevated temperature and pressure 
and in the presence of hydrogen or a hydrogen- 

30 containing gas with a solid acidic isomerizarion 
catalyst on which are supported one or more 
sulphides, selenides, tellurides, antimonides 
and/or arsenides of the metals of the left-hand 
column cf Group VI and/or one or more 

35 sulphides, selenides, tellurides, antimonides 
and/or arsenides of the metals of Group Vni 
of die Periodic Table. 

2. A process as claimed in claim 1, wherein 
the starting material consists of or contains one 

40 or more olefins having from 3 to 8 carbon 
atoms per molecule. 

3. A process as claimed in claim 1 or 2, 
wherein the starting material consists of or 
contains one or more olefins having from 4 to 

45 8 carbon atoms per molecule. 

4. A process as claimed in claim 1 or 2, 
wherein the starting material is propene. 

5. A process as daimed in any one of claims 
1 — 3, wherein the define starting material is 

50 a gasoline obtained by catalytic cradang or a 
fraction thereof. 

6. A process as claimed in claim 5, wherein 
the starting material used is the lower-boiling 
fraction of a gasoline obtained by catal5^c 

55 cracking, which fraction has an upper cutting 
point of from 80«> C. to 130° C. 

7. A process as claimed in any one of claims 
1 — 6, wherein the addic isomerization catalyst 
is a silica-alumina catalyst, preferably having 
a silica content of at least 60% by weight. 

8. A process as claimed in any one of claims 
1 — 7, wherein the total catalyst contains 0.5 
— 15% by wdght of metal sulphides, selenides, 
tellurides. arsenides and/or antimonides. 

^ 9. A process as daimed in any one of claims 



1 — 8, wherein the catalyst contains nickel 
sulphide and/or cobalt sulphide. 

10. A process as daimed in any of claims 
1 — 9, wherein the conversion is effected at a 
temperature in the range of from 100^ C. to 70 
500° C. 

11. A process as claimed in daim 10 wherein 
the temperature is in the range of from 200° 
to 500° C. 

12. A process as daimed in daim 10, where- 75 
iu the temperature is in the range of from 
200° C. to 400° C. 

13. A process as claimed in daim 5, wherein 
the conversion is effected at a temperature in 

the range of from 250° C to 450*^ C. 80 

14. A process as claimed in any one of 
claims 1 — 13, wherein the conversion is 
effected at a total pressure in the range of from 
10 to 100 atm. 

15. A process as daimed in any one of 85 
daims 1 — 14, wherein the hydrogen partial 
pressure is at least 5% of the total pressure. 

16. A process as daimed in any one of 
daims 1 — 15, wherein the hydrogen partial 
pressure is at least 50% of the total pressure, 90 

17. A process as daimed in any one of 
dairns 1 — 16, wherein the catalyst comprises 
a silica-alumina compound having a silica con- 
tent of at least 60% by wdght, based on the 
total catalyst and on which is supported 1 — 95 
10% by weight of nidcd sulphide^ based on 

the total catalyst. 

18. A process as daimed in any one of 
claims 1—17, wherein the hydrocarbon mix- 
ture obtained in the conversion is recyded in 100 
such a quantity that the weight ratio of the 
recycled hydrocarbon mixture to the fresh 
starting material is between 0.005 and 0.1 
times the difference beuveen the bromine 
ntimber of the fresh starting material and the 105 
bromine number of the final product 

19. A process as daimed in claim 18, where- 
in the said wdght ratio is between 0.015 and 
0.05. 

20. A process as claimed in daim 18 or 19, 110 
wherein the hydrocarbon mixture to be le- 
cyded, whether or not mixed widi hydrogen- 
containing gas, is heated to a temperature 
which is higher than the temperature at the 
begirming of the reaction 2onc and then mixed 115 
with the fresh feed and with hydrogen-contain- 
ing gas ^ so far as the said gas has not 
already been added to the hydrocarbons for 
recydmg before the latter were heated), after 
which the resultant mixture is introduced into 120 
the reaction zone without deliberate further 
heating or cooling. 

21. A process as claimed in daim 20, where- 
in the hydrocarbon stream to be recycled is 
heated to a temperature which is 10° C. to 125 
100° C. higher dian the temperature at the 
begirming of the reaction 20ne. 

22. A process as claimed in any one of 
daims 1 — 17, wherein the reaction mixture 
leaving a reaction zone, or a portion of the said 130 
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reaction mixture, is heated to a temperature 
higher than the temperature at the beginning 
of the first, which may be the only^ reaction 
zone, and is then indirectly heat-exchanged 

5 with the fresh oil which is to be treated, to 
which, if desired, hydrogen-containing gas may 
already have been added, after which the oil 
for treatment, thus heated, after mixing with 
the hydrogen-containing gas in so far as the 

10 latter has not already been added before the 
indirect heat exchange, is introduced without 
deliberate further heatmg or cooling into the 
f rst, reaction zone. 

23. A process as claimed in claim 22, where- 
15 in the reaction mixture leaving the first re- 
action zone, or a portion thereof, is used for 
bringing the fresh feed to the reaction tempera- 
ture. 

24. A process as claimed in claim 22 or 
20 23, wherein the reaction mixture or the portion 

thereof used for the indirect heat exchange 
vnth the feed is first heated to a temperature 
which is 10° C. to 50° C. higher than the tan- 
perature at the beginning of the first reactiou 
25 zone. 

25. A process as claimed in any one of 
claims 22 — 24, whcrin the entire reaction mix- 
ture leaving a certain reaction zone is used for 
heating up the fresh feed. 

30 26. A process for the catalytic conversion of 
unbranched or sparsely branched olefins into 
hydrocarbons having branched or more highly 
branched carbon chains respectively as claimed 
in claim 1 substantially as hereinbefore des- 



cribed. ^5 

27. A process for the catalytic conversion of 
unbranched or sparsely branched olefins into 
hydrocarbons having branched or more highly 
branched carbon chains respectively as claimed 

in claim 1, substantially as hereinbefore des- 40 
cribed, with particular reference to Examples 
I to VI. 

28. A process for the catalytic conversion of 
unbranched or sparsely branched olefins into 
hydrocarbons having branched or more highly 45 
branched carbon chams respectively as claimed 

in claim 1, substantially as hereinbefore des- 
crbiedj with particular reference to the draw- 
ings. 

29. Hydrocarbons and hydrocarbon mixtures 50 
whenever obtained by the process as claimed 

in any one of the preceding claims. 

30. A orocess for the produaion of gasoline 
and gasoline components, wherein the product 

or a portion thereof, obtained by the process as 55 
claimed in any one of claims 1 — ^28, is blended 
with one or more other gasoline components. 

31. A process for the production of gasolines 
and gasoline components as claimed in claim 

30, susbtanrially as hereinbefore described. 60 

32. Gasolines whenever obtained with the 
use of the process as claimed in claim 30 or 
31. 
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